Abstract. This paper presents a double-layer synergistic optimization method for battery energy storage system (BESS) allocation considering contract price. From the point of view of the distribution company (DISCO) operator, the upper layer explores the potential benefits of the BESS configuration and set reasonable BESS charge and discharge price. From the BESS operator point of view, the lower layer on the basis of the upper layer given contract price, to determine BESS optimal capacity and optimal power allocation, as well as the charge and discharge power at any times. This paper uses the improved particle swarm optimizer to solve the problem and introduces Cauchy-Gaussian reduction mutation factor to adjust the local optimal extremum. An improved IEEE-33 nodes system is studied. Cases analysis shows that the method proposed in this paper allows both DISCO and BESS operators to be profitable.
Introduction
Battery energy storage system (BESS) has the advantages of high efficiency, long service life and low requirement of geographical conditions. It has been widely used in developed countries and regions such as Japan, Europe and North America [1] . Although policies have been promulgated to actively encourage the construction of energy storage facilities, the subsidy contract price of energy storage and the specific subsidy mechanism are still not be specific descripted. It can be seen that the distribution company (DISCO) and the BESS operator cooperatively regulating the BESS configuration, guiding the energy storage strategy in the form of contract price, can fully exploit the potential benefits of optimizing operation.
There have been many studies on the optimization of BESS in distribution network. In [2] , sodium-sulfur battery is taken as an example to model BESS. The simulation results show that reasonable capacity of BESS access to proper location in the distribution network, line loss rate can be reduced. BESS value evaluation model is established in [3] , optimizing the overall economic value is taken as the optimization objective, model to determine the best configuration capacity of BESS. Based on [3] , the economic benefit model of BESS investment is established in [4] , including energy storage arbitrage revenue, government electricity price subsidy revenue, reduction of electricity transfer fee, etc. Considering the life cycle cost, BESS capacity optimization configuration method and the charge and discharge strategy are discussed and economic feasibility is showed. [5, 6] provide detailed analysis of the potential benefits of energy storage systems used in power generation, transmission and distribution.
This paper proposes a double-layer synergistic control model between the BESS operator and the distribution company (DISCO) in the distribution network with application scenarios that BESS operator invests the constructions of BESS. The charge and discharge contract price is chosen as the optimization variable, in order to achieve the optimizing scheduling of BESS.
Double-layer Synergistic Planning Model of BESS
The coordinated planning hierarchical model structure of the BESS operator and the DISCO is shown in Figure 1 . The upper-layer model is set as simulating the economic dispatching process of the distribution network. The lower-layer model focuses on the optimization of BESS configuration issues, making BESS operators the largest net income, deciding BESS rated capacity and rated power, optimizing BESS operation strategy according to the upper contract price and returning the optimized charge and discharge plan to the upper at the same time. According to the lower-layer feedback of BESS charge and discharge power, the upper DISCO re-adjust the scheduling process and modify the contract price. This loop iterates until the maximum number of iterations is reached or the upper and lower decision variables are less than the allowed value. 
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Upper Layer Optimization Model
This paper chooses the maximum difference of DISCO economic benefits before and after the BESS configuration as the optimization target.
(1) where F D is the increment of DISCO economic benefits before and after the BESS configuration; B dir is the direct income increment; B del is the benefits of delaying the upgrading of power grid; B env is environmental benefits; B rel is the benefits of reducing outage cost.
B dir need to consider the cost that DISCO purchase electricity from BESS operators and energy storage system charge benefits, the specific expression is as follows Eq. 2:
where c t is the electricity price this level grid purchasing from the higher level power grid at time t; Δp s.t is the electricity selling power difference of energy storage system configuration before and after during time t; λ t is the contract price of BESS charging and discharging at time t;
are respectively the discharge and charge power of energy storage battery at time t; N DG is the number of DGs in the system; c DG is the feed-in tariff of DG; Δp DG.t is the difference of electricity that distribution network purchasing from upper level grid between before and after the energy storage access during time t. c g.t represents the purchase price of electricity from the upper grid at time t; Δp g.t represents the electricity difference purchasing from upper power grid between the power supply system configuration before and after during time t.
The energy storage system should acquire some incentive compensation. At this point, B rel need to account for BESS in the process of failure to play a useful compensation as follows:
where c BR is the unit payment price of BESS to participate in the emergency demand side response. Considering the actual factors such as the domestic production consumption level and the economic development, the BESS obeys the DISCO scheduling in the fault process. The payment price for participation in the emergency demand side is $ 10/kWh [8] . The remaining parameters and meanings are described in [9] . The upper layer model should satisfy the following constraints:
(1) Contract price range constraint:
(4) λ t is BESS charging and discharging contract price at time t; λ max is the upper limit of contract price. (2) System power balance constraint
where, p s.t is total loads of the system at time t; p ls.t is system power loss. 
where, V i is the voltage at node i; V min is lower voltage limit; V max is voltage HI limit; I ij is the current on the line between node i and node j; I ij.max is line maximum allowable carrying capacity.
Lower Layer Optimization Model
The lower layer optimization model determines the optimal capacity and optimal power configuration of BESS and the charge and discharge power at all times on the basis of the upper layer given charge and discharge contract price. The objective function is as follows:
where F BESS is BESS operator's economic benefits; B nop is BESS in the normal operation through the peak load-shifting to get the operating revenue as Eq. 8. B aop is BESS participating in the emergency demand side response in the process of system failure to obtain failure benefit as expresses in Eq. 9. C tol is the BESS configuration costs [10] . 
The lower layer model should satisfy the following constraints:
(1) Energy storage battery can only exist in one of the charging and discharging state in any period of time, to meet the constraints of Eq. 10. 
(11) where λ m is a 0-1 two-valued variable; M is a positive number with a larger value.
(2) The battery state of charge (SOC) is related to the charge/discharge power per time and satisfies the recursive relationship of Eq. 12. In order to ensure maximum flexibility of energy storage system in the next dispatch cycle, the SOC of battery at the initial time is set at 50% [11] . 
where η c , η d is BESS charge and discharge efficiency; S oc.t is SOC of the energy storage at time t; ΔT is unit time interval, this paper set 1h; S nom is BESS rated capacity. In general, the maximum allowable charge and discharge power of the battery is related to the rated capacity to satisfy Eq. 13: (13) Where γ c , γ d is respectively the maximum charge and discharge power of the battery rated capacity S nom ratio at per unit time.
Model Solving Method
The upper layer model is the economic scheduling problem. This paper uses the improved particle swarm optimizer (IPSO) to solve the problem [12] . In view of the shortcomings of PSO algorithm which is easy to fall into the local optimum, this paper introduces Cauchy-Gaussian reduction mutation factor [13] to adjust the local optimal extremum. The individual particle position . 
(15) where  is variance energy efficiency coefficient;  is reduction mutation factor; K is maximum number of iterations. Alternately choose Cauchy mutation and Gaussian mutation according to the iterative process, which can simultaneously improve the accuracy and speed of solution.
The lower layer model is BESS optimal configuration problem, which belongs to the non-convex non-linear optimization problem. It can be solved by YALMIP toolbox in MATLAB [14] .
Case Study System Parameters
In this paper, an improved IEEE-33 nodes system is studied and distributed wind power is introduced, its location and capacity distribution is shown in Figure 2 . The planning basis year peak load is 3.775 + j2.300MVA. BESS takes the sodium sulfur battery as an example, the battery-related parameters, the upper level grid pollutants discharge condition and real-time electricity prices are shown in literature [10] . The electricity price of this level grid takes the 1.2 times purchase price. System component failure rate and repair rate as shown in Table 1 . See Table 2 for the remaining system parameters. Table 2 . Remaining system parameters.
Parameter Value power line feed-in tariff 0.42yuan/(kW·h) grid upgrade investment 1 million yuan evaluation rate of energy not supplied [7] 1355yuan/(kW·h) rate of inflation 1.5% discount rate 9%
annual load growth rate 1.5%
Optimization Results
In order to verify the validity of the proposed method, this paper compares the optimization results of two cases. Case 1 is the origin scheme that DISCO does not participate in the optimization process of BESS, and the BESS operator sets the target with the best of its own interests. Case 2 uses double-layer synergistic optimization method established in this paper. Results are as follows: Two cases BESS charge and discharge power and contract price at all times are shown in Figure 3 . Figure 3 . Two cases BESS charge and discharge power and contract price at all times. Table 3 shows that the environmental benefit of case 1 is negative and the value is large, which is the main factor affecting the DISCO total value added benefit. There are two main reasons, one is BESS itself has power loss, the total power of charge is greater than the total power of discharge; the other reason is BESS charging and discharging strategy is formulated only considering their own interests, that is, only concerned about the electricity sale price of distribution network, which is not in accordance with the actual load demand. For example, at time 1, wind power is high, but the load demand is small, BESS should be charged. However, because of the high price at this time, BESS only concerned about their own interests and choose to discharge, resulting in a greater amount of wind curtailment. The comparison of the wind power use condition under two cases is shown in Table  5 , where the wind curtailment rate of Case 1 is greater than when BESS is not configured. After adopting the double-layer planning method (Case 2), DISCO has made a correction to the charging and discharging process of BESS by making reasonable BESS charge and discharge contract price, which has greatly improved the environmental benefits of DISCO and the wind power using rate.
In addition, it can be seen from Table 4 and Figure 3 , the double-layer planning method achieve the optimal scheduling of BESS through setting the contract price by DISCO. At the same time, the contract price to achieve the transfer of revenue between DISCO and BESS, making BESS prefitable as well, verifying the effectiveness of the proposed method.
Summary
This paper presents a double-layer synergistic planning method for BESS optimal configuration in coordination with contract price in the distribution network. The upper layer from the point of view of the DISCO operator to explore the potential benefits of the BESS configuration and set reasonable BESS charge and discharge price; the lower layer from the BESS operator point of view, on the basis of the upper layer given contract price, to achieve their own economic interests. The cases analysis shows that the double-layer planning method allows both DISCO and BESS operators to be profitable at the same time. In the current situation of insufficient energy storage subsidies, the work of this paper has certain reference value to promote the development of energy storage system.
